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DETECTION OF SALIVA ON COMBUSTIBLE AND ELECTRONIC 
CIGARETTES USING THE SERATEC AMYLASE TEST AND SUBSEQUENT 
DNA ANALYSIS 
 
KANGNING ZHANG 
 
ABSTRACT 
Saliva can be detected on items including cigarette butts, glassware, clothing, 
human skin and condoms, and the identification of saliva on these types of evidence may 
be important to provide linkages or investigative leads in forensic cases.  Sometimes when 
the presence of saliva is indicated, the item will be sent for deoxyribonucleic acid (DNA) 
analysis and may be used for identification of individuals involved in a crime.  The 
detection of saliva mostly depends on the activity and the presence of amylase.  The  
SERATEC® Amylase Test (SERATEC GmbH, Goettingen, Germany) is a lateral flow 
immunochromatographic test that targets the presence of human α-Amylase using two 
monoclonal anti-human-α-Amylase antibodies.  This study investigates the effectiveness 
of using the SERATEC® Amylase Test to detect amylase on cigarette butts and vaping 
devices.  In addition, the possible correlation between the SERATEC® Amylase Test result 
and the amount of DNA extracted from cigarette butt samples is evaluated. 
 
Results indicated that the cigarettes and vaping devices tested had no inhibitory 
effect on the SERATEC® Amylase Test.  The SERATEC® Amylase test was able to detect 
amylase from various brands of cigarettes, marijuana cigarettes, JUULpods™ (JUUL 
Labs™ Inc., San Francisco, CA) and an additional vaping device.  Negative amylase test 
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results (22 of 114 samples) may be attributable to personal smoking habits and the texture 
of the cigarette butt wrap paper or vaping device.  DNA quantification results indicated 
that the majority of cellular material was retained on the wrap paper even after submersion 
in the SERATEC® Amylase Test buffer.  It is recommended that the wrap paper from the 
cigarette filter and the remaining extract from preliminary testing be combined prior to 
DNA extraction in order to maximize total DNA recovered from a cigarette sample.  The 
correlation between the SERATEC® Amylase Test result and the quantity of DNA 
extracted from the same source was not linear.  The presence of saliva and DNA 
concentration are controlled by different factors, thus using the detection of saliva to 
predict the recoverability of DNA on cigarettes may be valuable in some situations, but is 
not precise. 
  
vii 
TABLE OF CONTENTS 
 Page 
Title Page i 
Copyright ii 
Reader’s Approval Page iii 
Acknowledgments iv 
Abstract v 
Table of Contents vii 
List of Tables x 
List of Figures xi 
List of Abbreviations xii 
1. Introduction 1 
1.1 Saliva in Forensic Casework 1 
1.2 Composition and Function of Saliva 1 
1.2.1 Amylases 4 
1.3 Detection of Saliva in Forensic Casework 5 
1.3.1 Historical Presumptive Tests Targeting Inorganic Components of 
Saliva 
5 
1.3.2 Presumptive Tests for Saliva Based on Enzymatic Activity of 
Amylase 
6 
1.3.3 Presumptive Tests for Saliva Based on the Presence of α-Amylase 7 
1.4 DNA Analysis in Forensic Casework 9 
viii 
1.4.1 DNA Extraction 9 
1.4.2 DNA Quantification 10 
1.5 Cigarette Samples in Forensic Casework 12 
1.6 Purpose of this Research 13 
2. Methods and Materials 14 
2.1 Sample Collection and Preparation 14 
2.2 Saliva Identification with the SERATEC® Amylase Test 15 
2.3 DNA Extraction 18 
2.3.1 Procedures for the Trial Experiment 18 
2.3.2 Pellet and Wrap Paper Separation 20 
2.3.3 Extraction Procudures Using the forensicGEMTM Universal Kit 20 
2.4 DNA Quantification via Quantifiler TM Duo DNA Quantification Kit 22 
2.5 Statistical Analysis 23 
3. Results and Discussion 23 
3.1 The SERATEC® Amylase Test 23 
3.1.1 Tobacco Cigarette Test Result 23 
3.1.2 Alternative Smoking Methods Result 28 
3.2 DNA Analysis 29 
3.2.1 Method Development 29 
3.2.2 DNA Quantification 31 
4. Conclusions 44 
4.1 Effect of Cigarette Content on the SERATEC® Amylase Test 44 
ix 
4.2 Correlation Between the Result of SERATEC® Amylase Test and DNA  
Yield 
45 
List of Journal Abbreviations 47 
Bibliography 48 
Curriculum Vitae 52 
 
  
x 
LIST OF TABLES 
 Page 
Table 1.  Volumes of EA1 enzyme, water, 10X Blue Buffer and sample extract 
for the trial experiment. 
20 
Table 2.  The number of donors for each brand and the smoke content of the 
eight tobacco brands. 
24 
Table 3.  The saliva test result for cigarette butts with the SERATEC® 
Amylase Test. 
26 
Table 4.  The saliva test result for alternative smoking methods with the 
SERATEC® Amylase Test. 
29 
Table 5.  Quantification result for the trial experiment. 31 
Table 6.  Quantification result for selected cigarette butt samples. 33 
Table 7.  DNA quantity recovered from paper and pellet. 39 
Table 8. Average total DNA quantity from Brand 1 and Brand 4. 43 
  
  
  
  
 
  
xi 
LIST OF FIGURES 
 Page 
Figure 1.  Salivary Glands. 2 
Figure 2.  Donor collection kit. 15 
Figure 3.  SERATEC® Amylase Test Cassette. 16 
Figure 4.  Sampleing technique for cigarette butts prior to analysis with 
SERATEC® Amylase Test. 
17 
Figure 5. Cigarette brands and types. 24 
Figure 6. Distribution of DNA yield percentage on the wrap paper for each 
brand. 
39 
Figure 7. DNA yield distribution for each brand. 41 
  
  
  
  
  
 
  
xii 
LIST OF ABBREVIATIONS 
ALS Alternative Light Source 
AMY Alpha-amylase 
CCD Charge-Coupled Device 
CO Carbon Monoxide 
DNA Deoxyribonucleic Acid 
DSMs Bio-Degradable Starch Microspheres 
GSR Gunshot Residue 
HPA Pancreatic Salivary α-Amylase 
HSA Human Salivary α-Amylase 
IgA Immunoglobulin A 
IPC Internal PCR Control 
KPIC Kernechtrot Picroindigocarmine 
L Liter 
mg Miligram 
mL Mililiter 
ng Nanogram 
PCR Polymerase Chain Reaction 
pH Potential Hydrogen 
RCF Relative Centrifugal Force 
STR Short Tandem Repeat 
µL Microliter 
xiii 
USB Universal Serial Bus 
1 
1. INTRODUCTION 
1.1 Saliva in Forensic Casework 
Saliva can be deposited on most substrates through direct or indirect oral contact, such 
as kissing, biting, licking, eating or spitting, and still be detectable after extended periods 
of time.  Saliva on items such as cigarette butts, glassware, clothing, human skin or 
condoms can be important for providing linkages or investigative leads in forensic cases.  
The types of crimes that involve detection of saliva include but are not limited to sexual 
assault, burglaries, and homicides.  Sometimes when the presence of saliva is indicated, 
the item will be sent for deoxyribonucleic acid (DNA) analysis and may be used for 
identification of individuals involved in a crime. 
 
1.2 Composition and Function of Saliva 
Whole saliva is composed of secretions from salivary glands, bacterial and food 
residues and epithelial lining cells.  Saliva is a clear, slightly acidic fluid that is secreted by 
the major and minor salivary glands.1  Most of the saliva fluid is produced from the major 
salivary glands, which includes the parotid glands, submandibular and sublingual glands 
[Figure 1].1,2  Minor salivary glands are located in the tongue, cheeks, lower lip and 
pharynx.1  The daily flow of saliva varies between 1.0-1.5 liters (L) and when unstimulated, 
the contribution of different glands are as follows:  about 65% is produced from the 
submandibular glands, 20% is produced from the parotid glands, 7%-8% is produced from 
the sublingual gland and less than 10% is produced from other minor glands.1,2  Upon 
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stimulation, parotid secretion dramatically increases to contribute more than 50% of total 
salivary secretion.1,3 
 
Figure 1.  Salivary Glands.  Saliva fluid is mainly produced from three salivary glands (parotid, 
sublingual and submandibular).  Image source:  Blausen.com staff (2014). "Medical gallery of 
Blausen Medical 2014". WikiJournal of Medicine 1 (2). DOI:10.15347/wjm/2014.010. ISSN 2002-
4436. 
 
Saliva is composed of more than 90% of water and is a fluid mixture of electrolytes, 
proteins, enzymes, immunoglobulins, mucins and nitrogenous products.1  Each component 
of saliva has its own function and all work together in maintenance and protection of oral 
health. 
 
Salivary proteins and electrolytes such as phosphate and bicarbonates contribute to 
adjusting pH (potential hydrogen),3 with bicarbonates serving as the main buffering 
molecule in the the oral cavity.1  Bicarbonates diffuse into plaque, a biofilm that grows on 
surfaces within the mouth where bacteria proliferate, and neutralize acids to prevent plaque 
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pH from dropping too low for bacterial enzymes to function.1  Urea is metabolized by 
plaque and thus increases plaque pH by releasing ammonia.1  At a resting state, phosphate 
and salivary proteins also serve to buffer saliva pH.3  Mucins produced from the minor 
salivary glands play a very important role in maintaining a stable oral defense by forming 
a barrier to lubricate and protect oral tissues against desiccation, ulceration and exposure 
of oral epithelium to exogenous chemicals and carcinogens.1,3  Mucins also have an anti-
bacterial function by modulating the adhesion of microorganisms.1  Mucins form a cover 
layer to protect the tooth from acid and promote the aggregation and clearance of oral 
bacteria.1   
 
The fluoride, calcium and phosphate ions in saliva are important in the 
remineralization process.1,3  Remineralization is the process where lost crystals of enamel 
are replaced by crystals formed by calcium, phosphate and fluoride in saliva and pellicle, 
a protective protein film formed on the surface of enamel.  Saliva is saturated with calcium, 
phosphate and fluoride that are essential to the remineralization process.  The 
immunoglobulins in saliva work to actively inhibit bacterial attachment and monitor 
inflammatory damage and repair.1,3  Secretory Immunoglobulin A (IgA) is the largest 
immunologic component of saliva and it can neutralize viruses, bind to bacterial antigens 
and aggregate bacteria.1  Other enzymes such as lysozymes and proteins in saliva work 
collectively to inhibit bacterial growth, and to destroy aggregate bacteria.1  When stressed, 
cortisol is increased, accompanying IgA secretion, and is converted to cortisone in salivary 
glands, which appears to protect against inflammatory damage of oral tissues.3  Several 
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components in saliva including melatonin, histatin, epidermal growth factor and vascular 
endothelial growth factor all work to control inflammation and promote healing of oral 
tissues.3  When food is taken into the oral cavity, hormones in saliva activate cognate taste 
receptors and elicit the sensation of different tastes.3  Enzymes in saliva are responsible for 
initiation of digestion when food is taken by starting to break down starch and beginning 
fat digestion.4 
 
1.2.1 Amylases 
Amylase is one of the oldest known enzymes.  Amylases break down polysaccharides 
such as starches into smaller units.  There are two types of amylases that have been 
extensively studied: ß-Amylase found in bacterial sources and in plants that break starch 
into sugars in ripening fruit, and α-Amylase produced in humans and some animals that 
breaks down starch, amylose and amylopectin into smaller sugars.2  Two types of human 
α-Amylase exist: salivary and pancreatic.  Human salivary α-Amylase (HSA) is encoded 
by the alpha-amylase 1 (AMY1) locus and is synthesized in salivary glands and secreted 
into the oral cavity.  Pancreatic α-Amylase (HPA) is encoded by the alpha-amylase 2 
(AMY2) locus and is synthesized in the pancreas and secreted into the duodenum through 
the pancreatic duct.2  Human α-Amylase has been reported to be present in body fluids 
other than saliva, such as serum, urine, semen, sweat, tears and lip mucus.5–8  Both HSA 
and HPA are detectable in serum and urine, and variation of their concentrations are studied 
as indicators of many diseases.9,10 
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1.3 Detection of Saliva in Forensic Casework 
Saliva is a clear fluid that when dry, tends to leave a stiff and whitish stain.  The 
identification of saliva stains is facilitated with the help of an alternative light source (ALS) 
at a crime scene or in a laboratory setting.  Saliva stains are frequently visible using a 450 
nm wavelength excitement light source with an orange barrier filter.11  However, other 
bodily fluids such as semen also fluoresce under the same conditions.11  Since fluorescence 
under ALS is not unique to saliva, further identifying steps are needed.  Once a stain is 
identified as possibly containing saliva, usually cuttings or swabs are collected and used 
for further analysis.  A variety of testing methods have been studied and used for 
identification of saliva stains.  Currently, most saliva tests target the presence and/or 
activity of amylase.   
 
1.3.1 Historical Presumptive Tests Targeting Inorganic Components of Saliva 
Thiocyanate is an ion component of saliva.  Studies have shown that smokers have 
significantly higher concentrations of salivary thiocyanate than non-smokers.12,13  Ferric 
acid is used to identify the thiocyanate ion in saliva by producing a pink and red product 
when ferric acid reacts with thiocyanate.  Due to the irritability of ferric chloride and the 
lack of specificity of the test, this method is no longer used for saliva testing in most labs. 
 
Nitrites are another inorganic target for saliva detection.  Nitrites are the product of 
oral bacterial digestion of nitrates from food sources.14  The Griess reagent has been used 
to detect nitrites and nitrates in human plasma and gunshot residue (GSR).15,16  However, 
6 
the nitrites in human saliva are not stable and are likely to disappear over a period of 24 
hours.17  In addition, salivary nitrite levels are highly correlated to the nitrate content of 
diet.18  Thus, the Griess test is currently only used for GSR detection. 
 
1.3.2 Presumptive Tests for Saliva Based on Enzymatic Activity of Amylase 
Starch is a polysaccharide that will produce a deep blue color when it reacts with 
iodine solution.  In the presence of amylase, polysaccharides such as starch are cleaved to 
monosaccharides and disaccharides, which do not react with iodine and do not turn to a 
blue color.  The starch-iodine radial diffusion test utilizes this mechanism to presumptively 
identify saliva stains.  Starch is added into the matrix of an agarose gel and wells are created 
for the addition of sample extracts.  Once samples are added into each well, the gel is 
incubated to allow enzyme activity to occur, usually at 37 degrees Celsius overnight.  The 
gel is then stained with iodine solution.  If amylase is present in a sample, it will digest the 
starch as it radially diffuses through the gel during the incubation period.  There will be no 
starch remaining in that area for the starch-iodine reaction, therefore clear zones around 
the wells indicate the presence of amylase in the corresponding samples. 
 
Another saliva test which utilizes the enzymatic activity of amylase is the Phadebas® 
Amylase Test (Magle Life Sciences, Sweden).  The principle of this test is based on Bio-
Degradable Starch Microspheres (DSMs), which consist of starch particles cross-linked to 
a blue dye.  In the presence of amylase, the starch is digested, releasing the water-soluble 
dye and turning the solution blue.  A less-sensitive, modified form of this assay is the 
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Phadebas® Forensic Press Test, in which the DSMs are immobilized on a sheet of filter 
paper.  The paper is moistened with water and pressed against a substrate containing 
suspected saliva stains.  In the presence of amylase, the blue dye is released, which diffuses 
through the pores of the filter paper.  The resulting blue color is observed on the non-
reagent side of the Phadebas® paper.19 
 
The efficiency and specificity of presumptive tests based on the enzymatic activity of 
amylase is limited since amylase loses its enzymatic property after a short period of time.  
When saliva stains were kept in room temperature for an hour, specific activities of amylase 
have been reported to decrease to about 26% of their original value.6  Amylase activity 
decreased to only 3% of the original values when saliva stains were left at room 
temperature up to 28 days.6  Saliva stains may not be discovered and tested for months or 
even years after an event.  In such cases, testing for amylase activity may not be the most 
probative method for saliva identification since much of the amylase in the stain has 
already lost enzymatic activity.  In addition, amylase is not unique to saliva.  Amylase is 
also in detectable levels in various bodily fluids, such as semen, blood, breast milk and 
vaginal secretion.6–8  Thus, methods testing amylase activity can only confirm that there is 
amylase in the stain, but cannot confirm that the stain contains saliva. 
 
1.3.3 Presumptive Tests for Saliva Based on the Presence of α-Amylase 
Immunochromatographic lateral flow strip tests have been developed to detect 
amylase utilizing α-Amylase specific antibodies.  Immunochromatographic tests are very 
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specific since they target the molecular structure of amylase rather than relying on detecting 
its activity.  In general, the strips are composed of three areas:  a sample well, test zone and 
control zone.  A monoclonal target antibody is contained in the sample well and is labeled 
with a dye molecule.  A second monoclonal target antibody is immobilized in the test zone. 
When the target antigen is present in the sample, it will first combine with the antibody in 
the sample well to form an antibody-antigen complex.  Through the capillary effect of the 
membrane, the antibody-antigen complex diffuses up to the test zone, and is captured by 
the second antibody to form an antibody-antigen-antibody sandwich.  As this occurs, the 
dye molecules accumulate and form a visible line at the test zone.  At the control zone, 
unbound labeled target antibody binds to immobilized antiglobulin to form a visible line 
regardless of whether saliva is present in the samples.2 
 
The SERATEC® Amylase Test (SERATEC GmbH, Germany) is an 
immunochromatographic test that targets human α-Amylase and is the focus for this 
research.  It contains two monoclonal murine anti-α-Amylase antibodies as active 
compounds.  One of these antibodies is immobilized at the test zone.  At the sample zone, 
there is a second gold labelled monoclonal murine anti-α-Amylase antibody and a gold 
labelled mouse antibody.  The control zone contains immobilized polyclonal goat anti-
mouse antibodies.  The SERATEC® Amylase Test is reported to detect saliva samples 
diluted up to 1:1000 dilution in both female and male samples.20  The manufacturer reports 
that SERATEC® Amylase Test does not cross react with blood, serum, seminal fluid 
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samples or most urine samples, nor with saliva of domestic animals except for guinea 
pigs.20 
 
1.4 DNA Analysis in Forensic Casework 
The DNA molecule is a double stranded polymer composed of four types of 
nucleotides.  Nucleotides are composed of a five-carbon sugar (deoxyribose), a nitrogen-
containing base and one or more phosphate groups.  There are four types of bases in DNA:  
adenine (A), cytosine (C), guanine (G) and thymine (T).  DNA exists in all types of 
nucleated cells, and in forensic casework DNA is extracted and analyzed from biological 
samples for identification of individuals involved in a crime.  Forensic DNA analysis 
consists of several steps: extraction, quantification, amplification and capillary 
electrophoresis. 
 
1.4.1 DNA Extraction 
DNA extraction methods are used to lyse cells to release DNA molecules and to 
separate DNA from proteins and polymerase chain reaction (PCR) inhibitors for 
downstream analysis.  Forensic DNA extraction methods include forensicGEMTM 
(MicroGEM International, United Kingdom), Chelex® 100 extraction (Bio-Rad 
Laboratories, California),  and QIAGEN® QIAamp® (QIAGEN, Netherlands), among 
numerous other methods.  Chelex® 100 resin is a styrene divinylbenzene copolymer 
containing paired iminodiacetate ions, which act as chelating groups for polyvalent metal 
ions.  Metal ions can be inhibitors of PCR.21  Chelex® extraction involves boiling of cells 
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in a 5% suspension of Chelex® to open the cell membrane, denature proteins, release DNA 
and allow the binding of Chelex® resin with metal ions.22,23  Centrifugation of the product 
leaves DNA in the supernatant while the Chelex® resin centrifuged to the bottom of the 
tube.  QIAGEN™ DNA extraction kits utilize a DNA binding silica-gel membrane to 
purify DNA samples.  DNA selectively absorbs to silica in the presence of a high 
concentration of chaotropic salts.24  Successive washing steps allow impurities such as 
proteins and inhibitors to pass through the membrane and leave only DNA bound to the 
membrane.  DNA is then eluted in the presence of an alkaline buffer.25 
 
The forensicGEMTM Universal kit was the chosen extraction method for this study 
because it previously demonstrated higher percent recovery when compared with 
QIAGEN™ products.26  The extraction method uses a thermostable enzyme called 
forensicGEMTM EA1 proteinase, which has an optimal activity at 75°C and is denatured at 
temperatures of 95°C or higher.  EA1 is inactive at temperatures below 50°C, which makes 
its activity very easy to control.  The released DNA is in the product solution and can be 
used in PCR directly without further DNA purification. 
 
1.4.2 DNA Quantification 
Quantification methods are used to evaluate the amount and assess the quality of DNA 
extracted from a sample.  Current DNA quantification methods are based on real-time 
quantitative PCR (qPCR).  QuantifilerTM Duo Kit (Thermo Fisher Scientific, 
Massachusetts) was used with the Applied Biosystems Prism® 7500 Sequence Detection 
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System (Applied Biosystems Inc, California) in this study for DNA quantification.  The kit 
contains the Primer Mix, PCR Reaction Mix, DNA Standard, and Dilution Buffer.  The 
mechanism of DNA quantification depends on a TaqMan probe, which is a DNA 
oligonucleotide that binds to the PCR amplified product in the area between the primer 
binding sites.  The probe contains a fluorescent emitting dye at the 5’ end and a fluorescent 
quencher molecule at the 3’ end.  During DNA amplification, Taq polymerase will digest 
the probe in the 5’ end-3’end direction, thus releasing the fluorescent emitting dye.27  As 
more PCR product is produced, fluorescent dye accumulates and fluoresces, which is then 
captured by a charge-coupled device (CCD) camera in the instrument.  A fluorescent signal 
threshold is set and the cycle number to reach this threshold for each sample is recorded.  
Standard DNA samples are used to create a standard curve, which is an equation relating 
the concentration of starting DNA and the cycle number used to reach the threshold:  
CT=m(log(Qty))+b, where CT is the cycle threshold, m is the slope of the standard curve, b 
is the Y intercept of the curve, Qty is the initial DNA concentration and the unit for Qty is 
nanograms/microliters (ng/µL).28  After the quantification, the amount of DNA in the 
sample is known and the decision of whether to dilute, concentrate or not proceed with 
amplification can be determined.  DNA methods used for human identification target short 
tandem repeat (STR) loci using fluorescently labeled primers.  Dyes attached to primers 
are distinguished from one another by their emission color using capillary electrophoresis 
detection of the fluorescently labelled PCR products. 
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1.5 Cigarette Samples in Forensic Casework 
Cigarette butts are a common type of evidence obtained from crime scenes and may 
be useful for reconstructing a crime scene and linking specific individuals to a specific 
location.  During the act of smoking, nucleated epithelial cells are transferred from the 
mouth and lip surface to the filter end of the cigarette, thus cigarette butts can be a good 
source of DNA.29,30 
 
Cigarettes are made from tobacco, additives and non-tobacco materials, such as 
cigarette paper and filters.  Each brand uses their own blend of tobacco, additives and 
materials to make a cigarette, and even within one manufacturer, different ingredients are 
used for different flavors.  Studies have shown that cigarette butts contain PCR inhibitors 
such as tar, phenolics from the smoke, paper additives and flavor additives.30–32  The effects 
of cigarette content on forensic saliva identification has not been well studied.   
 
Recently, non-combustible cigarette alternatives, called e-cigarettes or vaporizers, 
have become prevalent.  JUUL™ (Juul Labs™, Inc., San Francisco, CA) is one of the more 
commonly used brands of electronic cigarettes (e-cigarettes).  A JUUL™ has two parts, 
the JUUL™ device and the JUULpod™.  The JUUL™ device is a closed system vapor 
product and is rechargeable via a Universal Serial Bus (USB) port.  A JUULpod™ is the 
cartridge that clicks into the top of the JUUL™ device and makes contact with the mouth.  
JUULpods™ contain a proprietary salt-based nicotine e-liquid formula and are disposable 
after all the liquid has been consumed.  E-liquids produced by JUUL™ are composed of 
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propylene glycol (30%), glycerine (60%), nicotine, benzoic acid and flavor additives.33  
When e-liquid is heated in the JUUL™ device, it creates a vapor that is inhaled by users.  
Propylene glycol is an additive used by the chemical, food, and pharmaceutical industries 
as an antifreeze.34  It is unknown if propylene glycol interacts with amylase or inhibits the 
PCR process.   
 
1.6 Purpose of this Research 
When a suspicious stain is discovered on an item, serological screening techniques 
may be employed to determine the source of the stain.  If testing indicates a body fluid of 
interest is present, the stain is subjected to DNA analysis.  In cases where multiple items 
or stains contain biological material, it may not be feasible for all of them to undergo DNA 
analysis due to high reagent costs, large case backlogs or other resource limitations.  Such 
instances may occur in cases where cigarette butts are recovered, therefore, a method to 
select the cigarette butt(s) with the most DNA quantity would be beneficial.  While a 
positive saliva test doesn’t necessarily indicate whether there is enough cellular material 
for DNA analysis, it may indicate that a sample is a good candidate for DNA typing.   
 
This study investigates whether different cigarette brands have an affect on the 
SERATEC® Amylase Test result.  In addition, this study explores whether different 
inhaled substances, such as marijuana, and cigarette alternatives, such as vaping devices, 
have an influence on the SERATEC® Amylase Test results.  Finally, the correlation 
between the SERATEC® Amylase Test result and the amount of DNA extracted from 
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cigarette butts is evaluated and this study seeks to determine which sample type - 
SERATEC® Amylase Test supernatant, SERATEC® Amylase Test pellet or cigarette 
wrap paper -  contains the most cellular material and is therefore most suitable for DNA 
analysis. 
 
2. MATERIALS AND METHODS 
2.1 Sample Collection and Preparation 
Collection kits were prepared in accordance with Institutional Review Board 
standards to collect cigarette butts, vaping cartridges and oral swabs from each volunteer 
participating in the study [Figure 2].  Cigarette butts were collected in triplicate from 30 
donors.  Additionally, one unsmoked reference cigarette (for tobacco cigarette users) and 
one oral swab were collected from each participant.  Cigarette butts, unsmoked cigarettes 
and oral swabs were collected separately in small envelopes.  Marijuana cigarette butts 
were collected from two of the participants, while  disposable JUULpods™ were collected 
in triplicate from five participants.  Three swabs of a non-JUUL™ vaping device 
(manufacturer information unknown) were collected from one donor.  Each donor was 
asked to provide basic information about their sex, age, history of smoking (years) and 
brand of their cigarette (when applicable). 
 
15 
 
Figure 2.  Donor collection kit.  Three cigarette butts, pods or swabs of the vaping device, one 
reference cigarette (only for tobacco cigarette users) and one oral swab were collected from each 
donor.  The front label includes information provided by each donor. 
 
2.2 Saliva Identification with the SERATEC® Amylase Test 
The SERATEC® Amylase Test was used for all samples collected.  A positive control 
and a negative control was used for testing devices with the same lot number [Figure 3]. 
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Figure 3.  SERATEC® Amylase Test cassette.  Left (negative control): only pure buffer was 
added into the sample well and the pink line at the control zone indicates that the strip is functioning 
appropriately.  Right (positive control): diluted saliva was added into the sample well and the pink 
lines at both control zone and test zone indicate a positive result. 
 
For combustible cigarettes (tobacco and marijuana):  
1. For each sample, a 1/2-inch section of the wrap paper was cut approximately halfway 
around the circumference and put into a 1.5 milliliter (mL) microcentrifuge tube 
[Figure 4]. 
2. Two hundred fifty microliters of SERATEC® Amylase Test extraction buffer was 
added to each tube, then vortexed briefly and placed on an orbital shaker to incubate 
for 10 minutes.  
3. The tubes were centrifuged at 15,000 relative centrifugal force (RCF) for 2 minutes. 
4. One hundered twenty microliters of supernatant was added to the sample well of the 
SERATEC® Amylase Test.  
5. Results were recorded within 10 minutes. 
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6. If the result was negative, the other half of the wrap paper was added into the tube, 
another 250 µL of extraction buffer was added, and the tube was vortexed briefly and 
placed on an orbital shaker for 10 minutes.  Steps 3-5 were repeated. 
7. Tubes with remaining extract were stored in the freezer at -20 degrees Celsius. 
 
 
Figure 4. Sampling technique for cigarette butts prior to analysis with SERATEC® Amylase 
Test.  
 
For vaping device swabs: 
1. Approximately one half of the swab (length-wise) was cut and placed in a 1.5 mL 
microcentrifuge tube.  
2. One hundred fifty microliters of extraction buffer was added into each tube, then the 
tubes were vortexd briefly and placed on an orbital shaker to incubate for 10 minutes. 
3. The tubes were centrifuged at 15000 RCF for 2 minutes. 
4. One hundred twenty microliters of supernatant was added to the sample well of the 
SERATEC® Amylase Test.  
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5. Results were recorded within 10 minutes. 
6. Tubes with remaining extract were stored in the freezer. 
 
For JUULpods™: 
1. The detached mouth piece was swabbed with tapered cotton swabs using the double 
swab technique: the first swab was pre-wet with water and rubbed over entire area; a 
second dry swab was then used to collect any residues remaining on the surface. 
2. Both swabs were placed into one tube and subsequently treated as one sample. 
3. Two hundred fifty microliters of extraction buffer was added into each tube, then the 
tubes were vortexd briefly and placed on an orbital shaker for 10 minutes. 
4. The tubes were centrifuged at 15000 RCF for 2 minutes. 
5. One hundred twenty microliters of supernatant was added to the sample well of the 
SERATEC® Amylase Test.  
6. Results were recorded within 10 minutes. 
7. Tubes with remaining extract were stored in the freezer. 
 
2.3 DNA Extraction  
Only cigarette butt samples were processed for DNA analysis. 
2.3.1 Procedures for the Trial Experiment 
To assess the primary location of DNA in cigarette butt samples, positive controls 
were created with pure saliva and processed for DNA quantification. 
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1. A section of the wrap paper approximately a half-round × 1/2-inch was cut from two 
unsmoked cigarettes (A and B). 
2. Twenty microliters of pure saliva was added onto each wrap paper. 
3. The wrap papers were air-dried at room temperature for 30 minutes. 
4. Both wrap papers were tested separately with the SERATEC® Amylase Test. 
5. For each tube, the wrap paper was transfered to a Spin-X® Insert spin basket (Corning 
Inc., Corning, NY) with clean tweezers and the basket was placed back on the original 
microcentrifuge tube. 
6. The tube assemblies were centrifuged at 15000 RCF for 2 minutes. 
7. The supernatant was pipetted out carefully into a separate tube. 
8. The supernatant, pellet and wrap paper were then separated and processed individually. 
9. In addition to the two wrap paper samples (A and B), two tubes of 20 µL pure saliva 
and one blank wrap paper were also used as controls in this procedure. All samples 
were extracted for DNA using the forensicGEMTM Universal kit [Table 1]. 
10. The corresponding amount of sample, Blue Buffer, water, and EA1 enzyme were added 
into a 0.2 mL PCR tube [Table 1].  For the wrap paper samples, the paper was cut into 
small pieces before being placed into the 0.2 mL PCR tube.  For the pellet, it was re-
suspended before being added into the 0.2 mL PCR tube.  The lid was closed and the 
extraction buffer was mixed by pulse-vortexing for 10 seconds.  A quick spin was 
performed to remove liquid from top of tube. 
11. The extraction procedure using the forensicGEMTM Universal kit listed in Section 2.3.3 
below (steps 4-7) was followed to complete extraction.  
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Table 1. Volumes of EA1 enzyme, water, 10X Blue Buffer and sample extract used for the 
trial experiment. 
 
 Sample Water(µL) 10X Blue Buffer(µL) EA1 (µL) 
Supernatant 
(for A and B) 89µL 0 10 1 
Wrap paper 
(for A and B) whole 89 10 1 
Pellet  
(for A and B) whole 89 10 1 
Pure saliva 20µL 69 10 1 
Blank wrap 
paper whole 89 10 1 
 
2.3.2 Pellet and Wrap Paper Separation 
After the SERATEC® Amylase Test, the tube contained both the wrap paper and 
buffer.  To separate wrap paper and concentrate cellular materials in the buffer: 
1. The wrap paper was transferred to a spin basket with clean tweezers and the basket was 
placed back on the original microcentrifuge tube. 
2. The tube assemblies were centrifuged at 15000 RCF for 2 minutes. 
3. The supernatant was pipetted into a new tube. 
Each tube resulted in three samples: the wrap paper in the spin basket, the pellet, and 
the supernatant. 
 
2.3.3 Extraction Procedures Using the forensicGEMTM Universal Kit 
The wrap paper and pellet from each tube were treated as individual samples and 
extracted separately. 
1. EA1 enzyme and 10X Buffer Blue were removed from the freezer. 
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2. The Master Mix was made based on the number of samples using the following formula 
for a 100 µL reaction, adding at least two additional reactions to account for any reagent 
loss:  10 µL 10X Buffer Blue + 1 µL EA1 + 89 µL water.  The Master Mix was vortexed 
and centrifuged briefly.  
3. The samples were placed into 0.2 mL PCR tubes and 100 µL of the Master Mix was 
added into each tube.  For the wrap paper, the paper was cut into small pieces before 
being placed into the 0.2 mL PCR tube.  The pellet was re-suspended before being 
added into the 0.2 mL PCR tube.  The lid was closed and the tube was mixed by pulse-
vortexing for 10 seconds.  A quick spin was performed to remove liquid from top of 
tube. 
4. The samples were placed into an Applied Biosystems SimpliAmp thermal cycler 
(Thermo Fisher Scientific, Massachusetts) and incubated at 75°C for 15 minutes to 
allow for EA1 protease activity, followed by incubation at 95°C for 5 minutes to 
inactivate the protease. 
5. The samples were removed from the thermal cycler and centrifuged briefly. 
6. For cigarette butt wrap papers, a spin basket was used to remove the liquid from the 
paper material.  The basket was removed and the liquid was combined back into the 
0.2 mL PCR tube.  
7. The tubes were stored in the -20°C freezer until quantification. 
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Spin basket procedure: 
a. A spin basket was used in a 1.5 mL microcentrifuge tube designed to close with the 
basket in place.  
b. The basket was placed into the microcentrifuge tube and the wrap paper pieces were 
transfered to the basket with clean tweezers. 
c. The tube assembly was centrifuged at 22000RCF for 3 minutes.  
d. The spin basket containing the substrate was discarded. 
e. The liquid was transferred back into the 0.2 mL PCR tube used for extraction.  
 
2.4 DNA Quantification via Quantifiler TM Duo DNA Quantification Kit 
After extraction, quantification was performed to assess the total amount of DNA that 
could be recovered after the SERATEC® Amylase Test. 
 
1. The volume of each component needed to prepare the Maser Mix was calculated, 
adding at least two additional reactions to account for any reagent loss during set-up:  
a. QuantifilerTM Duo Primer Mix (10.5 µL/reaction) 
b. QuantifilerTM PCR Reaction Mix (12.5 µL/reaction) 
2. Preparation of reagents: 
a. The Primer Mix was thawed, then briefly vortexed and centrifuged. 
b. The PCR Reaction Mix was gently swirled and mixed. 
3. The required volume of each component was added into a tube to make the Master Mix. 
4. The tube of the Master Mix was briefly vortexed and centrifuged. 
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5. Twenty-three microliters of the Master Mix was added into each reaction well. 
6. Two microliters of each sample was added to the appropriate well. 
7. The reaction plate was sealed with the Optical Adhesive Cover and centrifuged briefly. 
8. Quantitative (qPCR) was performed with an Applied Biosystems Prism® 7500 
Sequence Detection System.  
9. Calculation of DNA concentration was based on the standard curve that was already 
established within the DNA lab. 
 
2.5 Statistical Analysis 
The data was analyzed using Microsoft Excel (Microsoft Corp, Redmond, WA, 
USA) and JMP Pro 14 (SAS Institute, Cary, NC, USA) software.  The significance was 
accepted when p<0.05 for one-tailed t-test. 
 
3. RESULTS AND DISCUSSION 
3.1 The SERATEC® Amylase Test 
3.1.1 Tobacco Cigarette Amylase Test Results 
Eight different brands of tobacco cigarettes were collected from 30 anonymous donors 
[Figure 5].  Reported tar content across the eight brands ranges from 1 miligram (mg) to 
11 mg, while nicotine content ranges from 0.1 mg to 1 mg [Table 2].  The texture of the 
wrap paper was noticably different among several brands.  For example, Brand 3, 5 and 6 
demonstrated a shiny and reflective surface, while the others had a more absorbent paper 
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texture.  During smoking activity, lips are in touch with the outer surface of the wrap paper 
and saliva and epithelial cells may be deposited during this contact.   
Table 2. The number of donors for each brand and the smoke content of the eight tobacco 
brands.  The smoke content information was obtained from the packaging of the cigarette. 
 
Cigarette 
Brand # of Donors 
Smoke Content 
Tar 
(mg/cigarette) 
Nicotine 
(mg/cigarette) 
Carbon 
Monoxide (CO) 
(mg/cigarette) 
1 12 11 1 11 
2 1 5.5 0.5 Not reported 
3 1 1 0.1 1 
4 12 11 1 11 
5 1 10 1 11 
6 1 6 0.6 6 
7 1 8 0.6 8 
8 1 10 0.8 Not reported 
 
 
Figure 5. Cigarette brands and types. 1: Yuxi High Version; 2: ESSE menthol; 3: KENT; 4: Yuxi 
Classic 100; 5: Hongtashan New Era; 6: Huanghelou; 7: Marlboro Ice Blast (menthol); 8: Camel 
CRUSH. 
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The SERATEC® Amylase Test results of the cigarette butts were generally positive 
(79 of 90), however, some variation in the number of positive amylase results within 
samples collected from the same participant was observed [Table 3].  For example, only 1 
of the 3 cigarettes yielded a positive amylase result for one donor; 2 of 3 cigarettes were 
positive for amylase for three donors.  Intra-donor amylase results for the remaining 26 
tobacco cigarette donors were consistent (24 all positive; 2 all negative).  The oral swabs 
from the two donors with all negative amylase results tested positive, indicating that 
negative results of three cigarette butt samples are not due to a lack of detectable amylase 
in that individual’s saliva.  For donors that had amylase result variation within three 
samples, the reason for negative results is likely not due to decreased amylase production 
or inhibition caused by cigarette components since there was at least one positive result 
from each donor.  The variation is more likely attributable to particular smoking habits or 
other variables that were different between the three smoking periods. 
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Table 3. The saliva test result for cigarette butts with the SERATEC® Amylase Test.  
Negative results are highlighted in blue. 
 
Donor # 
 Amylase Test Result 
Brand Sample 1 Sample 2 Sample 3 
1 1 + + + 
2 1 + + + 
3 1 + + + 
4 1 + - + 
5 1 + + + 
6 1 + + + 
7 1 + + + 
8 1 + + + 
9 1 + + + 
10 1 + + + 
11 1 + + - 
12 1 + + + 
13 2 + + + 
14 3 - - - 
15 4 + + + 
16 4 + + + 
17 4 + + - 
18 4 - - + 
19 4 + + + 
20 4 + + + 
21 4 + + + 
22 4 + + + 
23 4 + + + 
24 4 + + + 
25 4 - - - 
26 4 + + + 
27 5 + + + 
28 6 + + + 
29 7 + + + 
30 8 + + + 
 
Six of the eight brands of tobacco cigarettes were each only collected from one donor.  
Of these, 5 brands yielded positive results, indicating that there was no negative effect from 
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the cigarette content or materials on the SERATEC® Amylase Test.  All three samples of 
KENT brand cigarettes (donor 14) yielded negative results with the SERATEC® Amylase 
Test.  It is possible that the cigarette constituents may have an inhibitory effect or the 
smooth, shiny wrap paper texture made it less absorbent than other regular paper-textured 
cigarette resulting in decreased saliva transfer.  With a more absorbent surface, it is possible 
that greater amounts of saliva might be retained, making it more likely to yield a positive 
amylase test result.  However, due to the small sample size and lack of information 
regarding the materials of the cigarette or smoking habits of the participant, no specific 
conclusion can be made. 
 
For the Yuxi Higher Version brand, 34 out of 36 cigarette samples were positive with 
the SERATEC® Amylase Test.  For Yuxi Classic 100, 30 out of 36 cigarette samples were 
positive with the SERATEC® Amylase Test.  Since the majority of the cigarette samples 
were positive, it is not likely that those two cigarette brands had an inhibitory effect on the 
SERATEC® Amylase Test.   
 
Negative amylase results could be caused by the smoker’s personal habits.  Some 
people tend to put the filter part of the cigarette deep into their mouth, resulting in greater 
amounts of saliva absorbed in the filter and wrap paper.  For other people, their lips barely 
touch the filter paper when smoking a cigarette, causing little saliva to be left on wrap 
paper.  In addition, people spend different amounts of time to finish one cigarette under 
different circumstances.  The number of times an individual inhales while smoking one 
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cigarette could affect the total amount of saliva deposited and contribute to the variations 
between three samples collected from a single donor.   
 
3.1.2 Alternative Smoking Methods  
Marijuana cigarette butt samples were collected from two donors.  Disposable 
JUULpods™ were collected from five donors.  Swabs from a non-disposable vaping device 
(brand unknown) where lips would touch the device, were collected from one donor.  All 
three samples from one marijuana donor yielded positive result [Table 4], while two of 
three samples from the other marijuana donor tested positive.  This result indicates that 
there is no inhibition of the SERATEC® Amylase Test from these marijuana cigarettes.  
All three disposable JUULpods™ samples from two donors tested positive, while the 
samples from the other three donors all tested negative.  The oral swabs for donors with all 
negative amylase results were tested with the SERATEC® Amylase Test and were all 
positive, indicating detectable levels of amylase in the saliva of these donors.  Since the 
testing of disposable pods was completed using swabs, no structural material of the 
JUULpod™ was transferred to the tube for testing.  Thus, the negative results were not 
likely to be caused by inhibition of the materials which may have been on the swab from 
the JUULpods™.  In the case of JUULpods™, the cartridge is made with plastic, which is 
smooth and non-absorbent.  Therefore, JUULpods™ might not retain saliva well during 
smoking activity.   
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Users of non-disposable devices were asked to collect samples with a pre-wet swab.  
Two out of three samples from donor 38 were positive with the SERATEC® Amylase Test.  
Due to low sample size and lack of controls on sample collection, a larger study could be 
done to investigate different vaping devices and e-liquid content to see whether the amylase 
test is inhibited by any of factors related to the type of device. 
Table 4. The saliva test result for alternative smoking methods with the SERATEC® Amylase 
Test.  Negative results are highlighted in blue. 
 
Donor # 
(Alternatives) 
Sample Source Amylase Test result 
Sample 1 Sample 2 Sample 3 
31 Marijuana Cigarette + + - 
32 Marijuana Cigarette + + + 
33 JUULpods™ - - - 
34 JUULpods™ + + + 
35 JUULpods™ - - - 
36 JUULpods™ - - - 
37 JUULpods™ + + + 
38 Other Vaping Device - + + 
 
3.2 DNA Analysis 
3.2.1 Method Development 
After the SERATEC® Amylase Test, an attempt was made to evaluate cellular/DNA 
material in the buffer extract.  The initial approach was to visually identify cellular material 
in the extract.  Six amylase positive samples (Sample 3 of Donors 9, 15, and 19, 24, 26, 
and 30) were selected for microscopic visualization of cells.  After separation of wrap paper 
and pellet, 100 µL of supernatant was removed from the tube, leaving the pellet at the 
bottom of the tube.  The pellet was resuspended in the 20 µL -30 µL of remaining 
supernatant and 5 µL was added on a glass slide.  The slide was heat-fixed by passing the 
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slide through flame briefly for several times until it was dry, and was stained with 
Kernechtrot Picroindigocarmine (KPIC) staining reagent.  When viewed under microscope 
at 400X maginification, intact cells were detected on only two slides, with only one of them 
containing more than 10 intact cells, which was lower than what’s usually required to 
generate a DNA profile.  Thus, it was thought that the pellet may not be the best choice for 
DNA analysis.  Instead, a decision was made to investigate the supernatant in case 
epithelial cells had lysed in the buffer and DNA was in the supernatant.   
 
Four samples (Sample 3 of Donor 9, 15, 16 and 24) were selected and 50 µL 
supernatant was first extracted using the QIAGEN® QIAamp® protocol35 and quantified 
with QuantifilerTM Duo Kit.  Quantification results showed that there was no detectable 
DNA in these supernatants.  Next, DNA analysis was performed assuming the cells were 
on the wrap paper.  Previously, studies have shown that sperm cells are resistant to washing 
and DNA can still be extracted from garments that have been washed and stored long after 
semen deposition.36,37  Epithelial cells were shown to behave similarly, i.e. resistant to 
buffer wash.  Previous research has also shown that a large percentage of cells from blood 
and buccal swab samples were retained in the cotton swab after DNA extraction.38  
Therefore, for cigarette butt samples, it was theorized that epithelial cells may still be 
present on the wrap paper after the SERATEC® Amylase Test buffer incubation. 
 
A trial experiment was designed to determine location and study the amount of cellular 
material from cigarette butt samples.  The quantification results for the trial experiment 
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indicated that majority of cellular material remained on the wrap paper following the 
amylase buffer extraction [Table 5].  The CT for the supernatant samples was undetermined, 
indicating no detectable DNA in the supernatant.  The CT values for the IPC (internal PCR 
control) were clustered around 30, indicating no obvious inhibition of PCR.  DNA quantity 
extracted from the wrap paper was 2.69 times higher for sample A, and 25 times higher for 
sample B than the amount extracted from the pellet.  Thus, the target of further DNA 
analysis was determined to be the wrap paper.  In addition, the DNA quantity extracted 
from 20 µL of saliva is much higher than the total amount from both pellet and wrap paper 
(about 11 times), indicating the loss of cellular material and low DNA extraction efficiency.  
In cases where only a few cigarette butts are collected for DNA analysis, it may be better 
to submit these directly to DNA extraction, instead of doing serology testing first.  These 
reults show that serology testing resulted in a loss of cellular material and DNA in the 
sample, which could be critical in cases lacking other DNA evidence. 
Table 5. Quantification results for the trial experiment. The quantification values using 
QuantifilerTM Duo kit for 20 µL of pure saliva, the pellet, the wrap paper and the supernatant of 
two positive cigarette butt samples.  
 
Sample Name Cт Concentration (ng/µL) 
Total 
Quantity(ng) IPC Cт  
A-pellet 35.01  0.02  2.45  30.24  
B-pellet 37.16  0.01  0.57  30.00  
A-wrap paper 33.56  0.07  6.57  29.98  
B-wrap paper 32.42  0.14  14.23  29.90  
A-supernatant Undetermined   29.99  
B-supernatant Undetermined   30.00  
Blank wrap paper Undetermined   29.91  
Saliva 20ul-1 28.91  1.54  154.49  30.01  
Saliva 20ul-2 29.40  1.11  110.57  30.08  
 
3.2.2 DNA Quantification 
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After determining the primary location of the DNA from the saliva, quantification was 
performed for all samples collected of Brands 1, 2, 3 and 4 to assess the correlation, if any, 
of the SERATEC® Amylase Test result and DNA quantity extracted from the same source.  
DNA yields varied greatly from donor to donor and sample to sample [Table 6].  DNA 
quantities in 100 µL extracts ranged from 0 ng to 1276.737 ng on the wrap paper, and from 
0 to 35.4 ng in the pellet.  When comparing the DNA quantity from the wrap paper and the 
pellet, the wrap paper contained more DNA for all but three samples. 
 
On the other hand, while most samples had more DNA on the wrap paper than the 
pellet, the percentage of DNA on the wrap paper out of the total quantity varied from 0% 
to 100%, with an overall average of 92.83% ± 0.16.  For some samples, the DNA yield 
from the wrap paper and the pellet are similar, such as Sample 1 of Donor 1.  The DNA 
quantity from the wrap paper and the pellet counts for 55.58% and 44.42% of the total 
respectively.  Another example is Sample 1 of Donor 15, the DNA quantity from the pellet 
is 0.3 ng, which counts for 42.86% of the total 0.7 ng.  These two examples suggest that, 
even though the DNA quantity from the wrap paper is higher than the pellet, the pellet 
contains a non-negligible fraction of the total DNA that will benefit from further DNA 
analysis if the DNA contained in both fractions are combined.  In the case of Sample 1 of 
Donor 15, the total DNA quantity is 0.7 ng, lower than 1 ng.  The optimal amount of DNA 
for amplification by the Applied Biosystems® AmpFLSTR® Identifiler® Plus PCR 
Amplification Kit (Thermo Fisher Scientific, Massachusetts) is 1 ng, suggested by the 
manufacturer39.  Combining the two fractions (0.7 ng) might be able to generate a DNA 
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profile, whereas the DNA quantity from the wrap paper alone (0.4 ng) may be too low, 
depending on the age and condition.  That is to say it is beneficial to combine both the wrap 
paper and the pellet after serology testing to preserve the most of the DNA from a cigarette 
butt sample for further DNA analysis. 
Table 6.  Quantification result for cigarette butt samples.  F stands for wrap paper (filter paper) 
and P stands for pellet. The number before F or P stands for the sample number, out of the three 
samples obtained from each donor.  For example, 1-1F stands for the wrap paper of the first sample 
from Donor 1.  Total quantity is the sum of DNA quantity from the wrap paper and the pellet.  
Proportion is calculated out of the Total Quantity. 
 
Donor/Sample Brand 
DNA Quantification 
Concentration 
(ng/µL) 
Quantity 
(ng) 
Proportion of  
Total Quantity 
Total Quantity 
(ng) 
1-1F 
1 
0.443 44.30 0.56 
79.70 
1-1P 0.354 35.40 0.44 
1-2F 
1 
0.769 76.95 1.00 
77.13 
1-2P 0.002 0.18 0.00 
1-3F 
1 
0.074 7.40 0.95 
7.80 
1-3P 0.004 0.40 0.05 
2-1F 
1 
0.042 4.20 0.86 
4.90 
2-1P 0.007 0.70 0.14 
2-2F 
1 
0.039 3.89 0.93 
4.18 
2-2P 0.003 0.30 0.07 
2-3F 
1 
0.014 1.43 1.00 
1.43 
2-3P 0.000 0.00 0.00 
3-1F 
1 
0.774 77.40 0.93 
83.10 
3-1P 0.057 5.70 0.07 
3-2F 
1 
1.933 193.30 0.97 
199.45 
3-2P 0.062 6.15 0.03 
3-3F 
1 
2.461 246.09 0.96 
257.19 
3-3P 0.111 11.11 0.04 
4-1F 
1 
0.029 2.90 0.81 
3.60 
4-1P 0.007 0.70 0.19 
4-2F 
1 
0.067 6.75 0.86 
7.85 
4-2P 0.011 1.10 0.14 
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Table 6. (continued) Quantification result for cigarette butt samples. 
 
Donor/Sample Brand 
DNA Quantification 
Concentration 
(ng/µL) 
Quantity 
(ng) 
Proportion of  
Total Quantity 
Total Quantity 
(ng) 
4-3F 
1 
0.371 37.09 0.82 
45.00 
4-3P 0.079 7.90 0.18 
5-1F 
1 
0.077 7.69 1.00 
7.69 
5-1P 0.000 0.00 0.00 
5-2F 
1 
0.094 9.43 1.00 
9.43 
5-2P 0.000 0.00 0.00 
5-3F 
1 
0.028 2.83 1.00 
2.83 
5-3P 0.000 0.00 0.00 
6-1F 
1 
0.087 8.66 0.98 
8.87 
6-1P 0.002 0.21 0.02 
6-2F 
1 
0.102 10.21 0.99 
10.34 
6-2P 0.001 0.13 0.01 
6-3F 
1 
0.061 6.07 0.94 
6.46 
6-3P 0.004 0.39 0.06 
7-1F 
1 
0.429 42.90 0.93 
46.00 
7-1P 0.031 3.10 0.07 
7-2F 
1 
0.000 0.00 0.00 
7.76 
7-2P 0.078 7.76 1.00 
7-3F 
1 
4.029 402.90 1.00 
404.37 
7-3P 0.015 1.47 0.00 
8-1F 
1 
0.340 34.03 0.98 
34.64 
8-1P 0.006 0.61 0.02 
8-2F 
1 
0.664 66.43 0.99 
67.20 
8-2P 0.008 0.77 0.01 
8-3F 
1 
0.394 39.44 0.99 
39.87 
8-3P 0.004 0.43 0.01 
9-1F 
1 
0.868 86.82 1.00 
86.82 
9-1P 0.000 0.00 0.00 
9-2F 
1 
0.413 41.31 0.99 
41.54 
9-2P 0.002 0.23 0.01 
9-3F 
1 
0.421 42.11 0.99 
42.69 
9-3P 0.006 0.58 0.01 
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Table 6. (continued) Quantification result for cigarette butt samples. 
 
Donor/Sample Brand 
DNA Quantification 
Concentration 
(ng/µL) 
Quantity 
(ng) 
Proportion of  
Total Quantity 
Total Quantity 
(ng) 
10-1F 
1 
2.121 212.06 0.99 
213.50 
10-1P 0.014 1.44 0.01 
10-2F 
1 
1.560 156.03 0.99 
157.06 
10-2P 0.010 1.03 0.01 
10-3F 
1 
0.852 85.18 1.00 
85.43 
10-3P 0.002 0.24 0.00 
11-1F 
1 
0.161 16.11 0.99 
16.30 
11-1P 0.002 0.19 0.01 
11-2F 
1 
0.045 4.45 1.00 
4.45 
11-2P 0.000 0.00 0.00 
11-3F 
1 
1.246 124.61 0.99 
125.25 
11-3P 0.006 0.64 0.01 
12-1F 
1 
0.264 26.40 0.98 
26.94 
12-1P 0.005 0.54 0.02 
12-2F 
1 
0.878 87.82 0.96 
91.63 
12-2P 0.038 3.81 0.04 
12-3F 
1 
0.182 18.22 0.99 
18.38 
12-3P 0.002 0.15 0.01 
13-1F 
2 
0.043 4.32 0.89 
4.86 
13-1P 0.005 0.54 0.11 
13-2F 
2 
0.046 4.58 0.87 
5.25 
13-2P 0.007 0.67 0.13 
13-3F 
2 
0.431 43.13 0.97 
44.54 
13-3P 0.014 1.40 0.03 
14-1F 
3 
0.011 1.10 0.38 
2.90 
14-1P 0.018 1.80 0.62 
14-2F 
3 
0.057 5.71 0.91 
6.29 
14-2P 0.006 0.59 0.09 
14-3F 
3 
0.067 6.75 1.00 
6.75 
14-3P 0.000 0.00 0.00 
15-1F 
4 
0.004 0.40 0.57 
0.70 
15-1P 0.003 0.30 0.43 
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Table 6. (continued) Quantification result for cigarette butt samples. 
 
Donor/Sample Brand 
DNA Quantification 
Concentration 
(ng/µL) 
Quantity 
(ng) 
Proportion of  
Total Quantity 
Total Quantity 
(ng) 
15-2F 
4 
0.359 35.93 0.99 
36.44 
15-2P 0.005 0.51 0.01 
15-3F 
4 
0.364 36.43 0.96 
37.78 
15-3P 0.013 1.35 0.04 
16-1F 
4 
0.099 9.90 0.92 
10.80 
16-1P 0.009 0.90 0.08 
16-2F 
4 
3.254 325.37 0.98 
330.52 
16-2P 0.052 5.15 0.02 
16-3F 
4 
2.946 294.59 0.99 
296.89 
16-3P 0.023 2.30 0.01 
17-1F 
4 
0.091 9.10 0.66 
13.80 
17-1P 0.047 4.70 0.34 
17-2F 
4 
5.916 591.64 1.00 
594.00 
17-2P 0.024 2.36 0.00 
17-3F 
4 
0.011 1.15 1.00 
1.15 
17-3P 0.000 0.00 0.00 
18-1F 
4 
0.052 5.20 0.90 
5.80 
18-1P 0.006 0.60 0.10 
18-2F 
4 
0.185 18.52 0.99 
18.76 
18-2P 0.002 0.24 0.01 
18-3F 
4 
0.916 91.63 0.93 
98.48 
18-3P 0.069 6.85 0.07 
19-1F 
4 
1.158 115.84 1.00 
115.84 
19-1P 0.000 0.00 0.00 
19-2F 
4 
1.310 131.01 1.00 
131.01 
19-2P 0.000 0.00 0.00 
19-3F 
4 
0.577 57.74 1.00 
57.74 
19-3P 0.000 0.00 0.00 
20-1F 
4 
5.693 569.33 1.00 
570.18 
20-1P 0.008 0.85 0.00 
20-2F 
4 
5.748 574.82 0.96 
597.54 
20-2P 0.227 22.72 0.04 
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Table 6. (continued) Quantification result for cigarette butt samples. 
 
Donor/Sample Brand 
DNA Quantification 
Concentration 
(ng/µL) 
Quantity 
(ng) 
Proportion of  
Total Quantity 
Total Quantity 
(ng) 
20-3F 
4 
12.767 1276.74 1.00 
1279.07 
20-3P 0.023 2.33 0.00 
21-1F 
4 
2.477 247.66 1.00 
248.59 
21-1P 0.009 0.92 0.00 
21-2F 
4 
3.707 370.68 1.00 
372.20 
21-2P 0.015 1.52 0.00 
21-3F 
4 
0.506 50.61 1.00 
50.61 
21-3P 0.000 0.00 0.00 
22-1F 
4 
0.395 39.46 0.99 
39.74 
22-1P 0.003 0.28 0.01 
22-2F 
4 
0.762 76.23 0.99 
76.87 
22-2P 0.006 0.64 0.01 
22-3F 
4 
0.288 28.80 1.00 
28.80 
22-3P 0.000 0.00 0.00 
23-1F 
4 
1.253 125.28 1.00 
125.28 
23-1P 0.000 0.00 0.00 
23-2F 
4 
0.160 15.98 0.96 
16.67 
23-2P 0.007 0.69 0.04 
23-3F 
4 
0.651 65.11 1.00 
65.11 
23-3P 0.000 0.00 0.00 
24-1F 4 0.187 18.69 0.99 18.92 
24-1P 0.002 0.23 0.01 
24-2F 
4 
0.403 40.32 0.97 
41.37 
24-2P 0.011 1.06 0.03 
24-3F 
4 
0.162 16.16 1.00 
16.16 
24-3P 0.000 0.00 0.00 
25-1F 
4 
0.000 0.00  
0.00 
25-1P 0.000 0.00  
25-2F 
4 
0.003 0.28 1.00 
0.28 
25-2P 0.000 0.00 0.00 
25-3F 
4 
0.006 0.63 0.45 
1.42 
25-3P 0.008 0.79 0.55 
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Table 6. (continued) Quantification result for cigarette butt samples. 
 
Donor/Sample Brand 
DNA Quantification 
Concentration 
(ng/µL) 
Quantity 
(ng) 
Proportion of  
Total Quantity 
Total Quantity 
(ng) 
26-1F 
4 
0.083 8.25 1.00 
8.25 
26-1P 0.000 0.00 0.00 
26-2F 
4 
0.136 13.55 0.97 
13.94 
26-2P 0.004 0.39 0.03 
26-3F 
4 
0.614 61.38 1.00 
61.38 
26-3P 0.000 0.00 0.00 
 
The average DNA quantity recovered from the wrap paper was higher than the pellet 
for all four brands that were tested [Table 7].  Using the Student T-test (one-tailed), the 
average DNA yield for all samples from the wrap paper and the pellet was compared.  The 
calculated p value equal to 1.363 * 10-5 < 0.05, indicating that the DNA quantity yielded 
from the wrap paper is significantly higher than that from the pellet.  This confirmed the 
presence of cellular material (DNA) on the wrap paper even after the paper had been 
submerged in buffer during amylase testing.  The DNA yield percentage on the wrap paper 
for Brands 1, 2 and 4 were all greater than 90%, and most data points were between 80% 
to 100%, indicating the majority of cells were retained on the wrap paper [Figure 6]. 
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Figure 6. Distribution of DNA yield percentage on the wrap paper for each brand. 
 
 
Table 7.  DNA quantity recovered from paper and pellet. The DNA yield percentage on the 
wrap paper and average IPC CT for each brand are calculated. 
 
 Paper (ng) Pellet (ng) Total (ng) 
Percentage on 
Paper 
IPC CT 
Brand 1 62.04±85.95 2.59±6.24 64.63±86.91 92.51%±0.18 29.75±0.38 
Brand 2 17.34±22.33 0.87±0.47 18.21±22.80 91.00%±0.05 29.67±0.38 
Brand 3 4.52±3.01 0.79±0.92 5.31±2.10 76.20%±0.33 30.24±0.35 
Brand 4 147.90±257.53 1.60±3.95 149.50±259.04 94.74%±0.13 29.78±0.38 
 
The average IPC CT value for each brand clustered near 30, indicating no obvious 
inhibition of PCR.  The average total DNA quantity in Brand 4 was higher than other 
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brands [Table 7].  Using the Student’s t-test (one-tailed), the average total DNA quantity 
of Brand 4 and Brand 1 were compared. The p value is 0.03, which is below 0.05, indicating 
the average total DNA yield from Brand 4 was significantly higher than Brand 1.  The 
percentage of amylase positive samples was 83.3% in Brand 4 and 94.4% in Brand 1.  Even 
though Brand 1 had more amylase positive samples, the average total DNA yield was 
significantly lower than Brand 4.  The DNA quantity distribution in Figure 7 shows that 
DNA yields from the wrap paper for Brand 4 are more widely distributed than Brand 1 
with several high DNA quantity data points.  The distribution of DNA quantity from the 
pellet is similar between Brand 1 and Brand 4.  Most data points are clustered near the 
same quantity range (0-10 ng).  The average total DNA yields from Brand 2 and Brand 3 
are lower than Brand 1 or Brand 4.  Due to low sample size, more samples are needed 
before any statistical analysis is performed for Brand 2 and Brand 3.  The comparison 
between Brand 1 and Brand 4 suggests that DNA yield from cigarette butt samples could 
be dependent on the type of cigarette.  By examining cigarettes from Brand 1 and Brand 4, 
there are no obvious differences.  The wrap papers are both dark yellow and non-glossy, 
however, different manufacturers use different materials for cigarette production.  The 
significant DNA yield difference between Brand 1 and Brand 4 could possibly be caused 
by different materials or manufacturing processes used in the wrap paper.   
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Figure 7. DNA yield distribution for each brand. Top: DNA yield distribution for the pellet. 
Bottom: DNA yield distribution for the wrap paper. 
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Previous studies have shown that people have different shedding abilities, i.e. there is 
a difference between individual’s tendency to deposit DNA on objects they touch.40,41  The 
notion of shedder status could also play a role in cigarette butt samples, with good shedders 
leaving more cellular material on surface of the wrap paper than poor shedders.  In this 
study, Donor 2 could be an example of poor shedder, while Donor 3 would be an example 
of good shedder.  Three samples from both donors were amylase positive, but the average 
total DNA quantity from Donor 3 is about 51 times that from Donor 2.  Moreover, there 
are variations between three samples from the same donor.  For some donors, the total 
DNA yields from three samples are dramatically varied.  For example, the total DNA 
obtained from three samples by Donor 7 are 46 ng, 7.76 ng and 404.37 ng from Sample 1, 
2, and 3, respectively.  The total DNA yield from Sample 3 is 50 times higher than Sample 
2.  Donors 1, 4, 11, 13 and 15 all exhibit high intra-donor variation.  Since each donor was 
smoking the same brand of cigarette, this intra-donor variation may be explained by factors 
such as how many times a cigarette was put into the mouth before finishing it, stress, 
smoking environment, use of a napkin to wipe the mouth prior to smoking, use of chapstick, 
licking the lips and other factors such as shedding propensity.  Overall, the DNA yield from 
a cigarette butt sample can be affected by the brand, i.e. the material composing the wrap 
paper, the shedding ability of individuals and scenario specific factors related to each 
smoking period. 
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One of the purposes of this study is to evaluate any correlation between amylase test 
results and DNA yields from each sample.  Table 8 summarizes the DNA quantity from 
Brand 1 and Brand 4 based on the SERATEC® Amylase Test results. 
 
Table 8. Average total DNA quantity from Brand 1 and Brand 4. Each brand is divided by 
amylase positive and negative results.  The sample number and the range of DNA yield from each 
section are listed. 
 
 
Amylase Positive Amylase Negative 
Total DNA Yield (ng) Range(ng) Total DNA Yield (ng) Range 
Brand 1 64.52±88.33 (34) 1.43-404.37 66.55±83.02 (2) 1.43-125.25 
Brand 4 178.49±275.25 (30) 0.7-1279.07 4.57±7.26 (6) 0-18.76 
 
Among all tested samples, the average total DNA yield from amylase positive samples 
is significantly higher than amylase negative samples, with a p value equal to 0.00027.  
This result indicates that the DNA yield from cigarette butt samples is related to the 
presence of amylase.  Samples testing positive with the SERATEC® Amylase Test tend to 
have higher DNA yield than negative ones.  When looking separately at results from Brand 
1 and Brand 4, the results differ.  Brand 4 samples show the same correlation between the 
presence of amylase and the quantity of DNA.  The average total DNA yield from Brand 
4 amylase positive samples is significantly higher than amylase negative samples, with a p 
value equal to 0.0008.  However, the average total DNA yield from Brand 1 amylase 
negative samples is approximately equal to the average total DNA from Brand 1 amylase 
positive samples.  For some samples, the presence of saliva had no correlation with the 
amount of DNA on the wrap paper.  For example, Sample 3 of Donor 11 tested negative 
with the SERATEC® Amylase Test.  But the Total DNA yield from Sample 3 is 125.255 
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ng, higher than the average of all amylase positive samples.  The relationship between the 
presence of saliva and the quantity of DNA yield from the same source is not directly linear.  
They are both controlled by different sets of factors and not all of these factors can be 
quantified.  In addition, the cellular material that is retained on the wrap paper is likely a 
combination of epithelial cells from saliva and from the lips.  For individuals who put the 
cigarette deep into their mouth, the DNA amount extracted could have originated from both 
sources. For other indivuduals, the DNA detected may have been primarily from lip 
epithelia.  Therefore, solely using the presence of saliva to predict the amount of cellular 
material left on a wrap paper is not precise. 
 
4. CONCLUSIONS 
4.1 Effect of cigarette content on the SERATEC® Amylase Test  
Even though cigarette contents have previously been shown to contain inhibitors for 
PCR, no inhibitory effect on the SERATEC® Amylase Test was discovered.30–32  The 
SERATEC® Amylase Test was able to detect amylase deposited on different brands of 
cigarettes, marijuana cigarettes, JUULpods™ and a vaping device.  Negative amylase test 
results were most likely to be caused by smoking habits, time taken to finish a cigarette 
and the texture of the cigarette butt wrap paper or the vaping device.  For shiny, less 
absorbent materials, it is possible that less saliva was retained on the wrap paper, resulting 
in a negative amylase test. 
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4.2 Correlation between the result of SERATEC® Amylase Test and DNA yield 
DNA quantification results indicated that out of the three fractions (supernatant, pellet 
and wrap paper) after the SERATEC® Amylase buffer extraction, the wrap paper 
contained the highest amount of DNA.  Epithelial cells were retained on the wrap paper 
even after the buffer wash.  If possible, it is recommended to submit samples directly for 
DNA analysis, skipping the serology testing step to avoid DNA loss during the process.  If 
serology testing is performed, combining the pellet and the wrap paper is suggested to 
preserve as much DNA as possible for further analysis.  DNA yields from cigarette butt 
samples may be dependent on the brand of cigarette.  Some brands (Brand 4 in this study) 
might yield higher DNA quantity than other brands.   
 
Based on the quantification data, an overall correlation between the SERATEC® 
Amylase test result and DNA quantity can’t be established.  For some brands (Brand 4 in 
this study), positive amylase test results correlated with higher DNA yield.  However, this 
didn’t apply to all cigarette brands examined and there were large variations among all 
cigarette butt samples.  Nine out of 11 amylase negative samples had sufficient DNA 
quantity (>1ng) for DNA analysis.  Some amylase positive samples had lower amounts of 
DNA than amylase negative samples.  The amount of cellular material, i.e. DNA material, 
left on a cigarette butt likely depends on the type of wrapper, the shedding ability of 
individuals and other factors such as smoking habits.  
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For a better understanding of cigarette butt samples, more donors and more brands 
should be included to study the influence of the cigarette composition on the retention of 
cellular material on the wrap paper.  In addition, more information should be requested in 
the donor collection kit such as last time the participant ate/drank, showered, wiped the 
mouth, as well as use of chapstick/lipstick during or before smoking and other smoking 
habits for a closer look at the factors contributing to the amount of cellular material 
deposited and retained on the wrap paper.   
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